whereas the "Active" treatment attempts to expedite formation of a bony union with subsequent treatment of the infection [1] . In this same vein, Cierny and Mader put forth principals necessary to cure osteomyelitis. Successful management of osteomyelitis is predicated on meticulous debridement, dead space minimization, bony stabilization, soft tissue coverage, and optimum antibiotic delivery [2] .
Orthopedic trauma with resultant infection is often caused by bacteria capable of forming a biofilm, which protects the microbe from the immune system by forming a protein and polysaccharide matrix [3] . This biofilm is resistant to systemic and local antibiotics in isolation, but combined with thorough debridement a cure is more likely. The administration of focused antibiotics to the specific organism or organisms is a mainstay in treatment, but systemic antibiotics have the limitation of toxicity to the human host. To increase the delivery of antibiotics to local tissues and to minimize systemic toxicity antibiotics were incorporated into Poly Methyl Methacrylate (PMMA) [4] . Buchholz and Engelbrecht pioneered the use of antibiotic cement for treatment of osteomyelitis and found antibiotic concentrations which were vastly higher and longer lasting than systemic or other local depot administration [5] . Bone cement loaded with antibiotics is easily customized to the size and shape necessary to function as an intramedullary nail, which fills dead space, stabilizes factures, and delivers a high dose of antibiotics to the zone of infection [6] . Paley published on a temporizing treatment for intramedullary infections after nailing which consisted of using a custom-made antibiotic impregnated cement rod which can be removed after 6 weeks and replaced with definitive metal intramedullary nail [7] . With the goal of curing localized osteomyelitis and maintaining fracture stability we presents a report of three patients with traumatic infected ununited fractures of the tibia treated with a custom-made antibiotic cement rod which functions as definitive treatment without the need for eventual replacement with a metal intramedullary nail.
Surgical Technique
The technique of Paley and Herzenberg was used for the treatment of all three patients with minimal substitutions and alterations to the protocol [7] . The intramedullary nail was removed with all locking screws and the medullary canal was reamed several millimeters greater than the previous nail diameter. The reamed bone and the site of the nonunion were thoroughly debrided and tissue sent for culture. The medullary canal and fracture site were copiously irrigated with normal saline without any additional antibiotic supplementation. The necessary materials are as follows: IM guide wire, 80g gentamicin PMMA powder, 2g vancomycin powder, sterile mineral oil, and a chest tube (Figure 1 ). The guidewire was measured to the length of the medullary canal and a chest tube of the approximate size of the removed nail was selected. The chest tube is cut to the measured medullary length, pretreated with mineral oil and the guidewire is cut 5mm longer than measured and bent into a loop for the proximal portion of the nail (Figure 2 ). The antibiotic powder of 2 grams of vancomycin and PMMA cement is vacuum mixed with liquid monomer and injected into the chest tube. The precut guidewire is then inserted into the chest tube and once the cement begins to Antibiotic Intramedullary Nail in the Management of Infected Ununited Tibial Fractures -Case Report, Technique and Review of Literature
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Case 1 (Figure 4)
A 22 year male was referred from an outside hospital to the orthopedic clinic 5 weeks status post intramedullary nailing of a grade II open fracture to the right tibia from a gunshot wound. The patient was found to have a draining wound over the site of the gunshot wound and the open fracture. The patient was not acutely ill or taking antibiotics at the time. The patient was taken to the operating room to undergo removal of the intramedullary nail, culture of intramedullary reamings, and placement of an antibiotic cement rod/spacer. The antibiotic spacer was placed using the surgical technique described in the text above. The patient was given piperacillin/tazobactam, and imipenem/cilastatin in a Peripherally Inserted Central Catheter (PICC) for positive cultures of Enterobacter and Peptostreptococcus. The surgical wounds healed without complication and the patient was advanced to full weight bearing 3 months after placement of the antibiotic cement nail once signs of radiographic union were identified. Bony union was achieved with non-weight bearing status, no bone grafting procedures, and no bone stimulator use. The antibiotic cement rod was left in place and the patient fully healed the fracture site without additional clinically significant deficit in the extremity.
Case 2 (Figure 5)
A 44 year male was referred from an outside hospital to the orthopedic clinic 12 weeks status post intramedullary nailing of a grade II open fracture to the right tibia from a motorcycle collision. The patient was found to have an unhealed draining wound over the site of the open fracture and had not yet been placed on antibiotics. The patient was not acutely ill, but was taken to the OR to undergo removal of the intramedullary nail, culture of intramedullary reamings, and placement of an antibiotic cement rod/spacer. The patient had infectious materials extending proximal and distal to the fracture site which required additional dissection. The antibiotic spacer was placed using the surgical technique described in the text above. The patient was given a vancomycin, piperacillin/ tazobactam, and nafcillin in a Peripherally Inserted Central Catheter (PICC) for positive cultures of methicillin susceptible Staphylococcus aureus for 6 weeks post operatively. Postsurgical wounds healed without complication and splitting was maintained for six weeks. The patient was then advanced to full weight bearing after radiographic signs of union were observed at approximately 3 months post operatively. At final follow up the patient had completely healed the fracture without significant clinical deformity.
Case 3 (Figure 6)
A 75 year male patient was brought to our Level 1 trauma to undergo workup and treatment after being involved in a motor vehicle collision. The patient was wound to have a grade III open fracture of the left proximal third tibial diaphysis. The patient underwent administration of an intravenous first generation cephalosporin antibiotic every 8 hours after his initial dose in the emergency department until definitive fixation. The patient was unable to undergo fixation acutely with an intramedullary tibial nail secondary to trauma induced medical instability for several days. On Hospital day three the patient was taken to the operating room to undergo irrigation and debridement with placement of a tibial intramedullary nail. The patient's wounds were closed primarily and he was monitored closely while in the hospital. At the patients six week follow up appointment he was noted to have wound dehiscence with drainage. Antibiotics were withheld until the patient was taken to the OR to undergo removal of the intramedullary nail, culture of intramedullary reamings, placement of an antibiotic cement rod/spacer, and wound coverage with a medial gastrocnemius flap. The antibiotic spacer was placed using the surgical technique described in the text above. The patient was given a vancomycin and rifampin in a Peripherally Inserted Central Catheter (PICC) for positive cultures of methicillin resistant Staphylococcus aureus, corynebacter, Peptostreptococcus and Acinetobacter calcoaceticus -baumanii complex for 6 weeks post operatively. The surgical wounds healed and the patient was splinted for 8 weeks and then advanced to full weight bearing 3 months after placement of the antibiotic cement nail weight bearing was only begun after signs of radiographic union were identified on plain radiographs. As in the previous two cases bony union was achieved with non-weight bearing status, no bone grafting procedures, and no bone stimulator use. The antibiotic cement rod was left in place and the patient healed the fracture site without significant deformity or deficit in the extremity.
Discussion
Post traumatic infected ununited fractures still remain a challenge to the orthopedic surgeon due to the need to provide bony stabilization and to deliver high levels of antibiotics at the fracture site. Tibial fractures associated with significant soft tissue damage and disrupted vascularity are at increased risk of infection, nonunion, and other associated complications [8] . Within this setting, perioperative antibiotics are thought to decrease the chance of post-operative infection, but in the presence of surgical implants such as intramedullary nails they have limited efficacy [9] . To improve prophylaxis and treatment of infections related to orthopedic implants the delivery of local antibiotics using antibiotic coated implants represents an important treatment option [10, 11] .
Multiple methods of local antibiotic delivery are in use today, but the most common is PMMA due its ability to achieve high concentrations in the local tissue and to avoid systemic toxicity. Initially, cases of intramedullary osteomyelitis were treated with reaming and external fixation. This advanced to reaming, external fixation, and placement of antibiotic beads to sterilize the canal prior to definitive fixation with metal intramedullary nail implant [12] . The use of antibiotic beads has been closely evaluated, and demonstrated successful clinical outcomes as evidenced by Ostermann. He obtained a threefold decrease in acute and local osteomyelitis with the use of local and systemic antibiotics compared to systemic antibiotics alone [13] . In an effort to further simplify the infection algorithm Fitzgerald attempted to treat chronic osteomyelitis with antibiotic beads alone without debridement, yet this did not demonstrate clinical efficacy [14] . Although the clinical use of antibiotic beads has been validated, the duration of use and the need for removal remain controversial. Some authors advocate for the removal of beads at 4 to 6 weeks post implantation due to concern over the beads acting as a foreign body, increasing antibiotic resistance by proving a constant sub-therapeutic antibiotic level, and increased difficulty in removal as beads become encapsulated by callous and fibrous tissue [4, 15] . This limited time frame of efficacy is related to the exponential decline of antibiotic concentrations just one day after implantation leading to subtherapeutic levels 6 weeks post operatively [16, 17] . The use of an antibiotic cement rod has the benefit of maintaining a smooth surface to facilitate removal any time point in the future, continued elution of therapeutic levels of antibiotics for several weeks, and maintenance of the intramedullary space necessary for final metal intramedullary nail implantation if desired [7, 18] . There also exists a plethora of other treatment options to include external fixation, although many questions remain to be answered, our method of antibiotic-impregnated cement nails, based on the work by Paley and Herzenberg, as definitive treatment in infected ununited tibial fractures appears to give successful clinical results [7] .
There are some limitations to the current technique which was elucidated by Shyam et al., when they demonstrated that Antibiotic coated intramedullary nail could not be used for definitive treatment when bone defects were greater than 6cm [19] . These results correlate with the findings of Thonse and Conway who had difficulty achieving an uninfected union with large bone defects. Our patient population did not demonstrate any large defects and as such our technique achieved the desired outcome. Another limitation to our proposed treatment strategy is that we reflexively use gentamicin and vancomycin as our antibiotics of choice for all nails. In regards to selection of antibiotic, vancomycin and gentamicin are by far the most commonly used agents with minimal reports of systemic toxicity [20] [21] [22] . Gentamicin and vancomycin are broad spectrum antibiotics, stable for the exothermic reaction present in PMMA, work synergistically, and have been reported to increase elution rates when used simultaneously [21] [22] [23] [24] . The optimal solution to antibiotic selection would be isolation of the offending organism and subsequent use of a targeted antibiotic mixed into the PMMA. This represents a dilemma as these wounds are often colonized with multiple organisms, pre procedure antibiotics diminish culture yields, and the causative organism is frequently not identified [5, 21] . In order not to delay definitive treatment to obtain cultures which frequently will not assist in eradication of the infection we recommend the use of broad spectrum antibiotics and early surgical intervention. Additionally, no definitive evidence is present which attributes the eradication of infection and the creation of bony union to our antibiotic nail construct as opposed to it being a result of systemic antibiotics and replacement of an intramedullary implant. Our technique could be improved by cooling the curing cement in a cold sterile water basin to minimize melting of the chest tube and subsequent increased difficulty and time to prepare the final implant [25] .
